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ALTHOUGH convenient and entirely suitable for the purposes for which they
are employed, the u8ual methods of maintaining and utilizing transplantable
tumours are not welladapted to special needs in experimental oncology, particu- larly when quantitativerefinements and the desirability ofrepeatingexperiments
withaliquotportions ofthe same tumoursuspension areimportant considerations.
The basis of any method which might meet such requirements must necessarily be one in which a number of separate and sin-iilar portions of a tumour can be
preserved with some assurance that different portions tested at different-times
willexhibit sirnilaractivities. This means that the tumourtissue must bereduced
to a fine state ofdivision andhomogeneous suspension andsubjected to a method
of preservation whereby its capacity to induce tumours remains constant for a
long time.
It is well known that growth may be obtained on transplantation of frozen
and thawed tu'mour tissue. Although Breedis and Furth (1938) demonstrated
the feasibility ofpreserving neoplastic cells in the frozen state for periods up to
400 days, this useful method does not seem to have been adopted to the extent
that might have been expected. Much of the experimental work reported on
the production oftumours with frozen and thawed material is concerned with the
interpretation of the surviv'al of activity and it is clear that under certain con-
ditions malignant cells and normal skin (priggs and Jund, 1944) will survive
freezing temperatures for some time. It seems probable that lack of suitable
refrigeration facilities, together with a lack of confidence in a phenomenon by
means fully understood, have prevented any extensive practical use of tumours
preserved in the frozen state. Breedis (1942) showed that mouse leukemic cells
are inactivatediffrozen tooquicklyin thetemperature range between O' C-150 C., but remarks that different types of cells may require different conditions for
survival. Such a variable dependence of survival on the rate of freezing and
perhaps that of thawing does not exactly recommend preservation by freezing
as a reliable practical method.
Most of the observations on the survival of tumours at low temperatures relate to pieces of tumour frozen en ma88e. There are few reports on cell suspen- sions, apart 'from the work of Breedis (1942) on leukemic cells. Mider and
Morton (1939) found that saline suspensions of tumour cells were more readily inactivated than portions of tumour. It might b'e expected that cells exposed to an artificial fluid environment are morelikely to be killed by freezin than are 9 cells situated in the interior of a piece of intact tissue, because the former are269 PRESERVATION OF SUSPENSIONS OF TUMOUR CELT
more exposed to the mechanical effects of ice formation and to the strong con-
centrations ofinorganic salts induced between the initial fi-eezing point and the
fi-eezing temperature of their eutectic solutions. Nevertheless, as has been indi-
cated, various technicalandquantitative considerationssuggested thedesirabihty
ofinvestigating the survival offinely divided tumour tissuesuspended in artificial
fluids and kept frozen at low temperatures. Some of the observations which
have been made in the course of this study are presented in this paper which is
necessarily of the nature of a preliminary co cation.
MATV.P.TALS AND METHODS.
Tumour&-The tumours studied are listed in Table 1. Most of the observa-
tions have been made using the C3H sarcoma referred to by Gye, Begg, Mann
and Craigie (1949).
Pr"ration of tumour mmpennow.-The tumours were reduced to the neces-
sary -state of subdivision by means of the pressure mincer described by Craigie
(1949) and the mince dispersed immediately in diluting fluid. The diluting
fluids werefreshlyprepared from reboiled sterile distilled water and concentrated
preparations of the required solutes. In experiments in which different diluting
fluids were compared, a low primary dilution was first made in fluid of suitable
composition and from this the secondary dilutions in the other fluids were pre-
pared. The suspensions were distributed in suitable amounts to 3 or 5 ml.
glass ampoules, which were mediately sealed.
Freezing.-The sealed ampoules, fitted with lead weights, were immersed in
an ethyl cellosolve bath in a thermo-s jar. When slowfreezing was employed the
bath was cooled by the addition ofC02ice. On other occasions it was precooled
to therequired temperature. Afterfi-eezing had takenplace the bath was cooled
to 79' C. before the ampoules were removed and transferred to C02 ice.
Storage.-The ampoules were stored m a heavily insulated box kept charged
with C02 ice. This box is so constructed and vapour sealed that the only exit
for the cold C02 vapour is the narrow space around the edges of the horizontal
insulated lid.
Thawing.-When required for test an ampoule was transferred directly from
C02ice to water at 37' C. andkept in gentle motion until all but a smallportion
ofthe contents had thawed. While this wasbeing donetheampoule was watched
carefijlly for gas bubblesindicatingfaultysealing or the presence of a crack in the
glass.
It is to be noted that this thawing schedule is empirical and the influence of
rate ofthawing remains to be investigated.
InocWation.-Injections of 0-1 c.c. were given subcutaneously in the appro-
priate strain of mice. Except in limited experiments, four sites in the anterior
abdominal wall were used, these being approximately the centres of the upper
and lowerright andleft quadrants.
The "rtival of tumour 8uspen8iow in saU 8olulion&
When a solution ofsodium chloride is frozen at a temperature above 21T.
ice crystalhzes out and the salt is concentrated as a strong solution (30 per cent)
between the cryistals. If a ceR suspension in 34 volumes of 0-85 per cent NaCl
is frozen at 20' C. the volume of concentrated salt solution formed will be270 JAMES CRAIGIE
approximately equal to that of the cells. Preliminary experiments were, there-
fore, undertaken to deternu'ne the inactivating effect ofstrong NaCl and Ringer
salt concentrations on fresh, unfrozen sarcoma cells. In some of these the cells
were held at O' C. in the strong salt solutions, in others the material was held
in the frozen state for several hours at selected temperatures above and below
that of the eutectic of NaCl; the results showed that although complete
inactivation might require several hours, the initial rate of inactivation referable
to electrolyte concentration was undesirablyhigh.
Survival of tumour 8U8Pen8ion8 in dextrO8e SOlUtiOM.
In view ofthe difficulties thatmight beexpected to arise inattempts to obtain
adequate preservation ofactivity in tumour suspensions frozen in inorganic salt
solutions, thepossibihty ofsubstituting a suitablenon-electrolyte was considered.
Accordingly it was planned to test a variet of water-soluble organic materials,
but dextrose, the first ofthese selected for test, was found to have such a favour-
abl. effect that no attempt has yet been made to find substances more suitable
for the purpose.
Because of the varied nature of the comparative tests which have been
carried out and the introduction of a number of improvements in technique, it
is notpossible to present asynopsis ofthe results on a quantitative basis. Table
I provides a brief summary which, at best, merely shows that there is no contra-
indication to the use of-dextrose solution as a suspending fluid. The clilutions
of the tumour suspensions, as prepared for freezing, ranged from I in 2-5 to I in
100.
TABLF, 1.
Number of Number Number
Tumour. uspending fluid. lots frozen. active after inactive after
thawing. thawing.
CM sarcoma Saline 6 5 I
Hypotonic NaCl 2 I I
Ringer 7 7 0
Hypotonic with cys- 8 6 2
teine phosphate buffer
20%gelatin 2 I 1
20% peptone I 0 I
Dextrose solutions 53 53 0
Glycerine and dextrose 3 3 0
R3 sarcoma Dextrose solutions 7 7 0
2146 sarcoma Ringer 0
37S sarcoma Dextrose solution 0
C3H mammary 9 9 0
carcinoma
Totals 100 94 6
Of 70 lots of sarcoma and carcinoma suspension kept frozen in dextrose for
periods of a few days to many months, all proved active on thawing. In all
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ing preparation from which it was omitted. The protective effect of dextrose
was evident at concentrations from 3 per cent to 40 per cent. The optimum, for
the C3H sarcoma atleast, appears to be between 5 and 10 per cent and 5 per cent
dextrose, which is approxim tely isotonic, has been adopted for routine purposes.
Table H shows the results obtained in an experiment in which hypotonic
NaCl, isotonic NaCl, Ringer and 5 per cent dextrose solutions were compared as
suspending fluids for the- C31E1 sarcoma.
T"LE H.-CW Sarcoma Suspension.
Treatment of sus- Time, Response.to 0.1 c.c.
Suspending fluid. pensiorL in di-Mion Diluent.
I in 30. frozen. Mouse Number Mean Dilut-ion. group. oftakes. kg.
0 056% NaCl O' C. for I hr. 0 . R 1 :300 . I - 5/10
- 12 -2
CR . II . 8/10
. 14-25
0
-85% Nacl 0 . R . I . 10/10
. 11 -66
CR . IEI . 7/10
. 13 -33
Ringer 0 . R I . 10/10
. 10 -6
CR 11 . 10/10
. 10-5
dextrosewith0
-0560/' 0 . R I . 10/10
. 9 -8
N&CI CR Il . 9/10
. 11-25
0
-056% Naa Frozen after 11 ' 8 I 150 . In . 0/10
.
O' C. for 1 hr. days Cs . IV . 0/10
.
0
- 95 Naci . s . m . 0/10
.
Cs 99 . ]IV . 0/10
.
Ringer 8 919 . M . 2/10
. 17 -5
Cs 99 IV . 6/10
. 17 -4
5%dextrosewithO-056% 99 8 pp M . 7/10
. 14-7
N&O Cs Pt IV - 10/10
- 13 -6
5%dextrosewithO-056% 21 days S . 1: 300 V* . 8/10
. 17 -6
N&C1 Cs - PI, V . 8/10
. 16-75
R 99 V 8/10
. 17 -8
CR V 8/10
. 16-25
S = 0-85pereentN&O; R Ringer; C M/150cysteineHCIM/15ONaOHM/l5ONa2HPOI,
pH 7-5.
Fourcompamtiveinjections were msule in each mouse and thefiguregiven in the cohnnn headed
mouse group
" ]indicates the arrangement of injections, eg. all four suspensions werecompared in
all 10 mice ofGroup 1.
* One mouse negative to &Uinjections.
Mean lag; oee text.
The tumour mince was first thoroughly mixed with an equal volume of 0-85
per cent NaCl and the mi iture was diluted I in 15 in the stated diluents. The
dflution of the sarmma tissue was thus I in 30. After distribution to ampoules
the. suspensions were held at O' C. for I hour, when one ampoule of each lot was
opened for dilution and injection, while the remainder were frozen. Ampoules
ofthe frozensuspensions were thawed and tested II days later. It wiH be noted
that the sahne suspensions were inactive at the dflution tested, while the Ringer
suspension was less active than the dextrose suspension. A further test of the
dextrose suspension was made after it had been kept frozen for 21 days. As far
as can be estim ted from the avaflable data on therelationsWp betweenlog. dose
offrozen material andlag period, the activity ofthe frozen and thawed dextrose
preparation was approximately 17 per cent of that of the control dextrose
preparation. The termlag period, as used here, means the time intervalindays
elapsing between injection and the first appearance of.growth at the sight of
injection.272 JAMES CRAIGIE
TU survival of tumour 8uspemions in other 8U8pending fluids.
The various suspending fluids tested are indicated in Table 1. Some of the
observations are incomplete and do not merit comment. The inactivation
observed with gelatine and peptone cannot be explained, but is not attributable
to faulty sealing of the ampoules. The corresponding dextrose controls were of
usual activity.
The survival of activity of C3H sarcoma suspension frozen in mixtures of
dextrose and glycerol is worthy-of note. Details of one experiment are given
in Table 111.
TABLE III.-C3H Sarcoma Suspension.
Frozen in dilution of 1 in 12.5 in- 0.1 c.c. injected subcutaneously after thawina and further dilution.
Dilution tested. 1: 12.5. 1 :125. 1 :25. 1 :17.5 1 : 'O
(a) 10% dextrose Number of takes 6/6 5/6 12/12 12/12
Mean lag in days 8 -0 9 -8 4 -17 8 -73
(b) 10% dextrose with20% Number of takes 6/6 6/6 12/12
glycerol Mean lag in days 8 -5 9 -2 4 -0
(c) 10% dextrose with40% Number of takes 6/6 5/6 12/12 12/12 glycerol Mean lag in days 11 -0 13 -6 4 -08 7 -08
Tixne frozen with C02 ice 4 days 222 days 253 days
Diluent Ringer Cysteine- Cysteine-
phosphate phosphate
sahne. saline.
not tested.
C3H sarcoma mince was suspended to a dilution of I in 12-5 in the following
fluids: (a), 10 per centdextrose, (b) 10 per cent dextrose with 20 per centglycerol,
(c) 10 per cent dextrose with 40 per cent glycerol. The first test was made after
the suspensions had been kept frozen for 4 days. The lag periods observed in
this test are not comparable w'ith those in the later tests because of changes in
technique of thawing, diluting and injecting, and also because of the use of a
eysteine-phosphate.saline mixture in the later tests. However, it would appear
legitimate to compare the activity of the material frozen for 253 days in the
mixture of dextrose and 40 per cent glycerol with- the average activity of fresh
C3H sarcoma suspension in Ringer. A lag period of 7-1 days corresponds with
a dilution range of I in 170 to I in 300 offresh C3H sarcoma suspension. Since
the glycerinated suspension gave a mean lag period of only 7-08 days in a I in
70 dilution it might be concluded that 25 per cent of the tumour cells viable in
EXPLANATION OF PLATE.
FIG. I.-Cells ofC3H sarcomasuspended inRinger. Phase contrast. x 460. Note nuclear
detail.
FIG. 2.-Samepreparationofcells as shown inFig. I afterdilutionwith 4vollimesof5per cent.
dextrose. Phase contrast. x 460. Note absence of nuclear detail. Three cytoplasmic granules appear above the nucleus of the cell at lower right. Note.-All photographic manipulations were carried out in such a way that the relative
densities in Fig. I and 2 are strictly comparable.
FIG. 3.-C3H sarcoma fixed in Zenker, stained with haematoxylin and eosin. x 690. For
comparison with Fig. 1.
FIG. 4.-C3H sarcoma, from same tumour asFig. 3, soaked in 5 per cent dextrose for one hour
before transfer to Zenker, stained withhaematoxylin and eosin. Representative field from
peripheral zone showing the effect ofexposure to dextrose. X 690. For comparison with
Fig. 2.
Note.-The increased inagnification of Fig. 3 and 4 does not compensate for the shrinkage due to fixation and dehydration of the tissue.BRiTiSH JOURNAL OF C-4,NCER. Vol. III, No. 2.
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the tumour mince survived the subsequent treatment to which thev were sub-
jected, but for theprevailing opinion that fluids containingglvcerol do not favQur
the retention of cellular functional activitv.
Surt,iral of other tumour &uspensi~ in dextroge solut"s.
Gye, 31ann and Begg (personal communication) have found that the followincrC,
additional tumours may besatisfactorilypreserved as frozen dextrosesuspensioiis
MC 48 (C 3-7 strain), 63 carcinoma, R III sporadic carcinoma. Jeiisen's r-at sar-
conia. IValk-er r-at tumour. Dael's sarcoma of the guinea-pig.
co F.-NT.
Although it has been empiricallv established that the use of dextrose solution
as a suspending fluid provides a reliable method ofpreserving niouse sareoma and
careinonta suspensions for considerable periods in the frozen state, much detailed
quantitative work- would seem to be indicated. Furtherinvestigation is desirable
not onlv with a view to improvements that might facifitate studies in which the
tise ofpreserved tumour material is preferable, but also with the object of dete-r-
iiiining the mecha
i
Ms of surv-ival of activity. The varietv of pkvsical and
physico-chemical factors which may he involved and the potential coniplexitv
of their interplav need not be detailed, but some of the points which require
investigation from the practical point of view mav be mentioned.
Thev are as follows:
1. A comparison of other sugars with dextrose.
2. The influence of rate of coofing on survival. One of the advantages
of dextrose appears to be that it renders this factor less important, but the
impression requires confirmation.
3. The influence oftemperature ofpreservation. C02 ice and special low
temperature machines provide relativelv costly methods of refrigeration.
The value of dextrose, in part at least, may be referable to its influence on
electrolyte or ion distribution. If so, the development of more efficient
suspe g fluids may make it possible to obtain adequate preservation with
commerciaflv available equipment operating at a minimum of 18' to
20" C.
4. The influence ofhydrogen ion and oxidation reduction potentials.
5. The influence of rate of thawing.
6. The development of a suitable fluid for dilution of thawed material.
Tumour' suspensions which have been frozen may show a definite drop in
activitv in 15 to 30 minutes afterthawing. The rate ofinactivationdepends,
in part. on the degree to which the material is diluted. It will have been
noted from Tables 11 and III that cysteine phosphate buffer mixtures have
been used as diluting fluids. The experimental evidence for the use ofdilut-
ina fluidofthiscomposition is contradictorv andsuggests a differentapproach
to this problem.
Another matter which merits further investigation is the effect of dextrose
on the nuclei of tumour c,--Ils as viewed with thephase contrast microscope. This
is illustrated in Fig. I and 2. lVhen sarcoma cells are transferred to dextrose
solution nuclear detail becomes verv rapidlv obscured. nucleoli and chromatin
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masses disappear and the nucleus assumes a homogeneous hyaline or vitreous
appearance. This might be regarded as an "Obscure optical effect under phase
contrast, but for the fact that a pyknotic change is evident in sarcom'a'tissue
soaked in dextrose solution prior to fixation (Fig. 3 and 4). The nuclear altera-
tion produced by dextrose p.-,rsists after freezing and thawing, and is reversible
by the. addition of NaOl solutions. Sufficient cover slip pressure on a sarcoma
cell viewed by phase contrast will result in the disappearance of nuclear detail,
but this in no way accounts for the changes observed with dextrose, which pro-
duces its effects both on nuclei in fresh intact cells and nuclei stripped of cyto-
plasm.
Glycerol and distilled water have a'n effect on the app,-,amnce of the nucleus
similar to that ofdextrose,although their other effects on the call, osmoticswelling
and deliydration respectively, are entirely different. In a balanced salt and
dextrose solution the app--arance of the nucleus may be altered by adjustment
of the hydrogen ion concentration, nuclear detail fading on the alkaline side.
SUMMARY.
1. After preservation in the frozen state, sarcoma and c#rcinoma suspensions
in dextrose solution show a greater And more consistent retention ofactivity than
suspensions prepared with saline and Ringer.. The degree of survival ofactivity
in dextrose preparations at a low temperature is adequate for experimental
workrequiriDgtheuseoftrani3p]antable tumours 'and for some purposes mav offer
a more convenient source of material than fresh tumour tissue.
2. A C3H sitrcoma suspension frozen in dextrose and 40 per cent glycerol was
found to be highly active after storage for 253 days.
3. Reference is made to changes induced by dextrose in the cell nucleiis as
seeii under phase contrast illumination.
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